Abstract -This historic account reviews briefly the compilation and publication of data in 'thermochemistry and free energy of chemical reactions' starting with the works of the 19th century pioneers, Julius Thomsen and Marcellin Berthelot. The role played by the leading 20th century data enthusiasts, such as Rossini, Lewis & Randall, Kharasch, Bichowsky, Latimer, and others is documented. Computer technology and networking has resulted in many changes in modern day databases, not only in the methods of dissemination but also in their capabilities, in that many such bases now carry within themselves the methods of estimation of unknown properties and the utilization of such data for calculation of various thermodynamic equilibria as a function of temperature, pressure, and composition.
When I was asked to give this talk to the Conference I protested that I had not been actively involved in work on thermodynamic data evaluation for several years. However my 40 years at the U. S. National Bureau of Standards had been spent principally in the preparation of comprehensive data bases for thermodynamics. During those years I had occasion to examine many of the older bases. Some of them are now out of print but they played a significant role in the growth of chemical thermodynamic research and the application of the data to the design and development of industrial processes. The relatively recent growth in computer technology and computer networking has resulted in many changes in modern day data bases, not only in the methods of dissemination but also in their capabilities, in that many such bases now carry within themselves the methods of estimation of unknown properties and the utilization of such data for calculation of various thermodynamic equilibria as a function of temperature, pressure, and composition. I thought that it might be of interest to look back on the history and development of these bases, from the early bases that represented the work and interest of one scientist to the present day bases that are the output of groups of scientists working with institutional support and utilizing the latest in mathematical, computing and publishing techniques. I shall confine myself specifically to those banks that dealt with the data of thermochemistry and free energy of chemical reactions.
But before I go into this early history I would like to say a few words about a man who played a very important role in this field. Frederick Rossini died last October at the age of 91.
Many of you may know Dr. Rossini as one of the small group of scientists wha recognized the need for international cooperation and standardization in the collection and evaluation of scientific data and formed a working group in the International Council of Scientific Unions that led to the creation of CODATA. But long before this Rossini had been actively engaged in sponsoring and pushing for the preparation of reliable data bases for thermochemistry and thermodynamics.
Rossini came to the Bureau of Standards in 1928 to a newly-created Physico-Chemical Research Section. During his first few years there he made measurements on the heats of formation of water and hydrogen chloride by direct combination of the elements that are dlassical examples of precision flame calorimetry. In 1936 he was made chief of a new Section entitled Thermochemistry and the Constitution of Petroleum, which position he held until he left the Bureau in 1950. The title of this new Section directly indicates the focus of his interests and efforts for the rest of his scientific career. He and F. R. Bichowsky had collaborated in the preparation of a book "Thermochemistry of the Chemical Substances", which was published in 1936. As a result of the success of that publication the Bureau established an official research project designed to prepare an extensive revision of that work, the project being under Rossini's direct supervision. When I came to work for Rossini in 1940 it was as the first full-time chemist assigned to that project. E. Deming entitled "The assignment of uncertainties to data of chemistry and physics, with specific recommendations for thermochemistry" guided thermochemical practice for, many years.
Data banks provide useful compilations of numerical or other factual data for science and technology. To be useful such compilations must be readily available to users. For that reason I plan to concentrate in this report principally on printed published material, and will discuss only briefly the newer developments that make extensive use of computers and computer-readable files.
The earliest compilation that I encountered is one that has continued to amaze me over the The next major compilation was again the work of one man, the well1known French chemist Marcellin Berthelot. Berthelot had worked for many years in synthetic organic chemistry but in 1869 he started a major program on the use of the calorimetric combustion bomb to determine the heats of formation of organic substances. He attracted many other investigators to his laboratory, which became the leading institution for these measurements. The output of the laboratory was tremendous, but it was not always of the highest quality. However he was principally concerned with generalizations rather than precision. He also had a great disregard for the results of others. This is expressed specifically in his two-volume work "Thermochimie. decided to select what he believed to be the best value for a given substance, and he also included the measurement for the experimental reaction from which the value was derived. In the Introduction Berthelot discussed his philosophy for choosing the value: "One procedure consists of giving all the results obtained by experimenters, sometimes numbering 8 or 10 for a given reaction (such as the reaction of hydrogen with oxygen), then take the mean. This is very unsatisfactory because the values obtained successively by different authors during the past century are of very unequal quality. Regardless of the merit of the researchers, this inequality is inevitable, by reason of the continued improvement in methodology and basic knowledge. The other procedure is to choose from among only the most recent measurements made by the more authoritative experimentalists. I would add that it is preferable to choose from among these the results obtained by the same general method in order to form a more consistent set of values. For this reason I have naturally selected determinations made by me or my students under my direction.
As
Descartes said, it is difficult to arrive at perfect results by working only with the results of others."
Of the quantities not measured in his laboratory Berthelot selected as best the values reported by Thomsen in the first three volumes of his Thermochemical Researches (on inorganic compounds). In general where he and Thomsen had studied the same system, he found their results in excellent agreement. However for organic compounds, he accepted practically none of Thomsen's work. He maintained that bomb combustion calorimetry was much to be preferred over Thomsen's "universal burner", yielding a more complete reaction and better defined reaction products.
The next data collection I would like to mention was not intended for that purpose, but rather as illustrative of the methods available for the analysis of chemical thermodynamic data. In utilizing data from these various compilations, the user must be aware of certain risks inherent in such use. Many of these have taken data from several different sources and thus the element of self-consistency may be lost. Different standard states for some of the elements may have been used, and the recent change to the standard pressure of 1 bar, while not affecting enthalpy values, may affect entropy and Gibbs energy calculations for reactions involving gases.
Thus there are certain advantages that accrue to using such bases that have been developed from original literature sources, such as JANAF, NBS Tables, or the Russian compilations by Gurvich or Medvedev.
And what of the future of data banks? It is clear that they are no longer the task for one or two individuals. Most of the recent compilations mentioned in this report have been the product of groups of workers dedicated to the task of creating these products, usually with some sort of institutional support, both financial and physical. Furthermore most of recent developments in this field have been to make the outputs available in a form suitable for use by computer rather than in printed format. But the activity of data retrieval and evaluation is continuing. And so in concluding this review of the last 110 years of data collection and evaluation it seems to me that the ability and interest to maintain updated thermodynamic information on certain classes of compounds certainly exists as of now. Whether it will survive the constraints caused by economic conditions I do not know. Certainly also the methods to update such major compilations as NBS 270 or the Medvedev tables exist; it can be done by treating large blocks of data systematically. But to do it under CODATA will require a major increase in the effort devoted to that work.
